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EDITORIAL: REFLECTIONS ON THE PLANT CELL CLASSICS

From Ethylene-Auxin Interactions to Auxin Biosynthesis and

Signal Integration©™"

The field of plant hormone biology, like many other research
areas in plant sciences, has benefited tremendously from the
adoption of Arabidopsis (Arabidopsis thaliana) as a model
system. The development of a great genetic toolbox in this
species led to the identification of many of the core compo-
nents of the biosynthesis, signaling, and response pathways
for all key plant hormones. With those components at hand,
research emphasis progressively shifted toward understand-
inghow the differenthormones work in acoordinated fashionto
orchestrate complex biological processes. This shift was fur-
ther encouraged by the results of classical physiological and
genetic experiments that clearly showed the importance of the
interaction between multiple signals in a number of critical
developmental processes. Among the most striking pieces
of evidence for the existence of crosstalk between hormones
were the repeated reports on well-characterized auxin mutants
displaying reduced ethylene responses in roots. Despite these
well-documented observations, the molecular mechanism be-
hind these intriguing relations remained largely unknown until
the mid 2000s.

In 2007, three articles were published back to back in The
Plant Cell aiming to shed new light on the interplay of auxin and
ethylene mediating root growth inhibition (Rdzicka et al., 2007;
Stepanova et al., 2007; Swarup et al., 2007). Although ap-
proaching this question from different angles, all three articles
reached the same general conclusion (i.e., an important part of
ethylene effects on root growth is mediated by the stimulation of
auxin biosynthesis and transport). While the contribution of
specific auxin transporters was dissected in detail using existing
mutants and reporter lines for the influx and efflux auxin carriers,
at the time, only biochemical approaches with limited spatio-
temporal resolution could be used to investigate the role of auxin
biosynthesisinthese interhormone relations. Thus, forexample,
the use of auxin and ethylene activity reporters allowed the
authors of the three articles to establish specific roles for
different parts of the root in this interaction process. The activity
of an auxin-responsive reporter, DR5, in the root elongation
zone was shown to be highly correlated with the ability of
ethylene to inhibit root growth, whereas that was not the case
in other regions of the root, such as the meristematic zone.
Furthermore, the ethylene-triggered increase in the activity of
the auxin reporter DR5 in the elongation zone was also required
for the activation of the ethylene reporter EBS in this part of the
root. Altogether, the three articles provided a working spatio-
temporal mechanistic model for the interaction between the
two plant hormones. In this model, ethylene stimulates the
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production and transport of auxin toward the elongation zone
of the root where this auxin, by a completely unknown mech-
anism, sensitizes the cells to the growth inhibitory effects of
ethylene.

This mechanistic model has provided the basic conceptual
framework not only to interpret physiological and genetic obser-
vations involving these two hormones but also for defining re-
search questions that our laboratory and others have pursued.
Thus, for example, the model advanced the idea that ethylene
should stimulate local auxin production in the root, but it fell short
of providing the specific mechanism. Follow-up studies de-
scribed below led to the identification of a new family of auxin
biosynthetic genes, the Trp aminotransferases TAA1/TARs
(Stepanova et al., 2008), that, together with the previously iden-
tified flavin-containing monooxygenases YUCCAs, turned out to
comprise the predominant auxin biosynthetic pathway in plants
(Mashiguchietal.,2011; Stepanovaetal.,2011; Wonetal., 2011).
Similarly, this hormone interaction model also implied that certain
threshold levels of auxin in the cells of the elongation zone were
required for these cells’ competence to respond to ethylene.
Although possible mechanisms can be proposed at this time
(seebelow), this is clearly an exciting area for future researchinthe
field of hormone interactions.

One of the questions raised by the early studies was how
ethylene stimulates auxin production. Characterization of two
root-specific ethylene-insensitive mutants, wei2 and wei7, with
defects in the two subunits of anthranilate synthase, an enzyme
involved in the production of an auxin precursor, amino acid
L-Trp, revealed a potential mechanistic link between ethylene
response and Trp biosynthesis (Stepanova et al., 2005). That
report paved the way to another genetic approach that un-
covered the link between ethylene and the biosynthesis of auxin
(Stepanova et al., 2008). Conclusive genetic evidence for such
a connection was established when the study of another root-
specific ethylene-insensitive mutant, wei8, identified a previ-
ously uncharacterized aminotransferase, TAA1, that catalyzes
the conversion of Trp to indole-3-pyruvic acid, the first com-
mitted step in the production of a major form of auxin, indole-3-
acetic acid. Importantly, the TAA1/TAR family of aminotrans-
ferases was shown to be transcriptionally regulated by ethylene
in the root meristem and in the elongation zone of the root
(Stepanovaetal.,2008). This finding not only pinpointed amech-
anistic connection between ethylene signaling and auxin
production but also was critical to the elucidation of the pre-
dominant indole-3-pyruvic-acid-dependent auxin biosynthetic
pathway in plants (Mashiguchi et al., 2011; Stepanova et al.,
2011; Won et al., 2011).

Another open question raised by the original ethylene-auxin
interaction model is the nature of the molecular mechanisms by
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which auxin sensitizes a subset of root cells, specifically the cells
in the root elongation zone, to ethylene. One canimagine a simple
scenario in which auxin regulates the transcription of ethylene
signaling components specifically in those cells. To our knowl-
edge, no evidence for such regulation has been reported to date.
Alternatively, auxin could control the activity of one or several
ethylene signaling components at the posttranscriptional level. In
fact, the levels of several ethylene signaling components have
been shown to be regulated posttranscriptionally through the
action of specific E3 ubiquitin ligase binding F-box proteins.
Interestingly, the levels of two F-box proteins that target for
degradation the transcriptional master regulators of the ethyl-
ene pathway, EIN3 and EIL1, are indeed translationally con-
trolled (Li et al., 2015; Merchante et al., 2015) and modulated by
auxin (He et al., 2011). Whether or not auxin sensitizes the cells
of the root elongation zone to ethylene by repressing the trans-
lation of EBF transcripts or by affecting EBF protein levels and/or
activity by some other means, and how auxin regulates these
processes, are interesting open questions that are still waiting to
be answered. Finally, establishing a complete picture of these
two hormones’ relations in roots and other organs or tissues and
developmental processes would require not only determining
the complete set of molecular interactions involved but also
deciphering the detailed map of spatial and temporal molecular
events involved in the ethylene-auxin crosstalk. Some steps
toward these ambitious goals have been recently taken by
identifying the cells of the root epidermis as key players in the
interaction between these two hormones (Brumos et al., 2018;
Vaseva et al., 2018).
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